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Method and apparatus for treating a patient sustaining 
an acute ischemic stroke in a brain having a blood circulatory 
system including a torcular Herophili (97) and adjoining 
transverse venous sinuses (96), includes steps for partially 
occluding the sinuses to partially obstruct venous blood 
drainage while permitting some antegrade venous blood flow 
from at least one of the sinuses. A flow of the patient's 
arterial blood is introduced into at least one of the sinuses to 
produce a continuous retrograde blood flow on the venous 
side of the brain. 
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METHOD FOR TREATING ISCHEMIC BRAIN STROKE 

Background of the Invention 

Cross Referee to Related Applications 

This application is a continuation-in-part of United States Patent Application 
5 Serial Number 08/757,303, filed November 27, 1996, by John G. Frazee, M.D, and 
entitled, "Method for Treating Ischemic Brain Stroke.". 

Field of the Invention 

This invention relates to a method for treating ischemic brain stroke and/or 
a method for hypothermic treatment of the brain. 

io Dismssion of the Prior An 

Medical investigators have, for decades, unsuccessfully sought an effective 
early treatment for ischemic brain stroke. The more quickly the ischemic brain tissue 
receives arterial blood the greater the chance that permanent injury can be reduced 
or prevented. With the exception of the recently announced improved outcomes for 

1 5 patients treated with intravenous tPA, there has been no effective treatment for acute 
ischemic stroke. In US Patent No. 5,011,468 there is disclosed a coronary sinus 
retroperfusion and retroinfusion apparatus, system and method that may be used in 
cerebral retroperfusion The method discloses occluding both jugular veins by balloon 
catheters or, alternatively, occluding the drainage paths from higher up in the brain 

20 if desired, and continuously pumping arterial blood into one or both of the cerebral 
sinuses. The time of balloon inflation is disclosed as being adjustable so that a desired 
cerebral sinus pressure can be achieved with a selected blood flow rate. 
Notwithstanding the teaching of a method for coronary sinus infusion, there has been 
great difficulty in the past in achieving good, reproducible results with cerebral 
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retroperfusion in animals and there are no prior human investigations. There is 
therefore a need for an improved method which can be safely utilized for instituting 
clinically effective cerebral retroperfusion as well as retroinfusion for treating 
ischemic brain stroke. 

5 A further aspect of the invention can be combined with the foregoing 

treatment of ischemic brain stroke or alternatively used independently for the 
hypothermic treatment of the brain. Cooling the brain is a well-recognized and 
scientifically proven method of preserving brain tissue in the presence of ischemic 
stroke or brain trauma. It is well known, for example, that lowering the temperature 

10 of brain tissue lowers brain tissue metabolism, inhibits the release of harmful 
neurotransmitters and prevents changes in the blood brain barrier that can lead to cell 
death. In spite of this knowledge, and the benefits of this treatment, applications of 
various cooling methods have been generally unsuccessful. 

Many of these cooling methods have suffered from a systemic approach ( 

15 where the cooling of the brain is merely adjunct to the general lowering of the whole 
body temperature. Systemic cooling unfortunately has many undesirable side-effects. 
For example, cardiac arrhythmia can result when the temperature of the body drops 
below 28 degrees centigrade. Whole body cooling also can produce a shivering 
response which necessitates paralyzing and ventilating the patient. Some patients 

20 also respond to systemic cooling with coagulopathy problems and an increased risk 
of infection. 

Although methods of selective hypothermic treatment of the brain have been 
proposed, the apparatus relied upon has generally included external cooling devices 
which must remove heat through the skull of the patient. Since the skull is relatively 
25 thick, it tends to insulate the brain from these external cooling devices. As a result, 
these external devices are inherently less effective and require more time since the 
cooling source is relative distant from the core of the brain. 
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Summary of the Invention 

In general, it is an object of the present invention to provide a method for 
cerebral retroperfiision and retroinfusion which makes it possible to accomplish 
clinically effective cerebral retroperfiision as well as retroinfusion proficiently and 

5 safely for the treatment of ischemic brain stroke. Another object of the invention is 
to provide a method for cerebral retroperfiision and retroinfusion of the above 
character in which balloon catheters are placed in the transverse venous sinuses, near 
the torcular Herophili, to occlude the sinuses while permitting some antegrade flow 
to prevent excessive pressure buildup in the sinuses. 

10 Another object of the invention is to provide a method for cerebral 

retroperfiision and retroinfusion of the above character in which the pressure in the 
transverse venous sinus is measured and the degree of balloon inflation is controlled 
in accordance with measured pressure 

Another object of the invention is to provide a method for cerebral 

1 5 retroperfiision and retroinfusion of the above character in which the flow of arterial 
blood into the transverse venous sinus is controlled in accordance with the measured 
pressure. 

Another object of the invention is to provide a method for cerebral 
retroperfiision and retroinfusion of the above character in which the pressure in the 
20 transverse venous sinus is measured and thereafter maintained in a range from 10 to 
20 mmHg by controlling the degree of balloon inflation and the flow of arterial blood 
into the transverse venous sinus in accordance with the measured pressure. 

Another object of the invention is to provide a method for cerebral 
retroperfiision and retroinfusion of the above character in which antegrade blood flow 
25 in the transverse venous sinus is at least 10 - 50% of the normal flow. 

Another object of the invention is to provide a cerebral retroperfiision and 
retroinfusion method of the above character in which the balloons of the balloon 
catheter are inflated with volumes ranging from . 1 to .4 cc. 

Another object of the invention is to provide a method of the above character 
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in which a patient's arterial blood flow is introduced into the transverse venous sinus 

at a flow rate between 50 cc/minute and 250 cc/minute. 

Another object of the invention is to provide a method for cerebral 

retroperfusion and retroinfusion of the above character in which the distal extremities 
5 of the balloon catheters are located medial to the bilateral superior petrosal sinuses 

and medial to the bilateral superior anastomotic veins (Labbe's veins). 

Another object of the invention is to provide a method in which a CAT scan 

is obtained of the patient's brain prior to introducing the balloon catheters into the 

vessels and to ensure that there is no evidence of cerebral hemorrhage. 
10 Another object of the invention is to provide a method of the above character 

in which patients are selected for the method who have Toronto Stroke Scale scores 

of two or greater and who have experienced a stroke within at least one and less than 

seven hours. 

Another object of the invention is to provide a method of the above character 
15 which can be utilized for treating a patient undergoing brain aneurysm clipping and 
brain tumor resection requiring arterial inflow occlusion. 

Another object of the invention is to provide a method of the above character 
which can be utilized for treating a patient sustaining a non-hemorrhagic angiographic 
injury in the brain. 

20 Another object of the invention is to provide for hypothermic treatment of the 

brain with or without the treatment of ischemic brain stroke. 

Another object of the invention is to provide for direct retrograde infusion of 
the brain with cooled autologous blood. 

Another object of the invention is to provide for direct retrograde infusion of 
25 the brain with cool autologous blood while maintaining the normal body temperature 
of the remaining body organs. 

Another object of the invention is to provide for hypothermic treatment of the 
brain by introducing cooled blood into the venous system of the brain. 

Additional objects and features of the invention will appear from the following 



WO 98/23217 



PCT/US97/21704 



( ' 5 

description in which the preferred methods are described in conjunction with an 
apparatus and system of the type shown in the accompanying drawings. 

Description of the Drawings 

FIG. 1 is an isometric view of a retroperfiision control apparatus and system 
5 utilized in connection with the method of the present invention. 

FIG. 2 is a sectional view of a cerebral retroperfiision triple lumen catheter 
used with the apparatus shown in Figure 1 in performing the method of the present 
invention. 

FIG. 3 is a cross sectioned view taken along the line 3-3 of Figure 2. 
10 FIG. 4 is a side elevation view in section of the head of a human being 

depicting the neck and cerebral venous blood vessels and sinuses, including the vein 
of Labbe and the torcular Herophili, with a cerebral retroperfiision catheter passed 
( via the internal jugular vein into the transverse venous sinus with the distal extremity 

being disposed near the torcular Herophili. 
1 5 FIG. 5 is a cross sectional view taken along the line 5-5 of Figure 4 depicting 

the basilar venous sinuses as seen from above, including the transverse venous 
sinuses, the superior petrosal sinuses and the torcular Herophili and also showing the 
cerebral retroperfiision catheter in place in the transverse venous sinus with the distal 
extremity near the torcular Herophili and distal and medial to the superior petrosal 
20 sinus and vein of Labbe respectively. 

FIG. 6 is a block diagram of a similar system including a heat exchanger for 
the hypothermic treatment of the brain. 

Description of the Preferred Embodiments and 
Best Mode of the Invention 

25 In general, the method of the present invention is utilized for treating a patient 

sustaining an acute ischemic stroke in the brain, and having a reduced arterial blood 

i 

flow. The brain has a blood circulatory system which includes a torcular Herophili 
and first and second venous vessels remote from the brain. The method uses first and 
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second balloon catheters having proximal and distal extremities and having inflatable 
balloons on the distal extremities The method comprises introducing the distal 
extremity of the first balloon catheter into the first venous vessel and thence into the 
first transverse venous sinus into close proximity to the torcular HerophilL The distal 

5 extremity of the second balloon catheter is introduced into the second vessel and 
thence into the second transverse venous sinus also into close proximity to the 
torcular HerophilL The balloons of the first and second balloon catheters are inflated 
to at least partially occlude the first and second transverse venous sinuses while 
permitting antegrade flow from at least one of the transverse venous sinuses to 

10 prevent excessive pressure buildup in the transverse venous sinuses. Arterial blood 
from the patient is introduced into at least one of the transverse venous sinuses distal 
of the balloon positioned in said at least one transverse venous sinus to provide a 
substantially continuous retrograde blood flow into the venous side of the brain of the 
patient to overcome the lack of arterial blood flow and for a period of time until the 

15 patient exhibits at least some resolution of ischemic brain symptoms. 

More specifically, the method of the present invention may be practiced using 
a pumping apparatus and system 1 1, of the type shown in FIG. 1. Alternatively, a 
conventional roller pump system may be used. The apparatus 1 1 consists of a pump 
console 12 with castered base 13 so that it can be moved from one location to 

20 another. The console 12 includes a vertically disposed cabinet 16 releasably secured 
to the base 12 by base release latches 17. The cabinet 16 is provided with a front 
wall 18 and a side wall 19. 

A pump assembly 21 is mounted on the side wall 19 of the cabinet 16 of the 
type disclosed in U.S. Patent No. 5,011,468. The pump assembly 21 includes a 

25 removable pump cassette 22 which is formed of suitable material such as plastic so 
that it can be disposed of after a single use. Although the pump assembly 21 
disclosed has a bladder-type pump using a reciprocating piston (not shown) it should 
be appreciated that other types of pumps can be utilized as for example a roller pump, 
if desired. 
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An electroluminescent display touch panel 26 is mounted on top of the cabinet 
16 and is supported thereby in a position so that it can be readily accessed by the 
operator of the apparatus. 

Controls are provided within the cabinet 16 be of the type described in United 

5 States Patent 5,01 1,468 and, as disclosed therein, can include microprocessor-driven 
stepper motor which drives bladder pump assembly 21. The stepper motor can be 
controlled in a conventional manner from the electroluminescent display touch panel 
26. The cabinet 16 is also provided with conventional controls, as for example an on- 
off switch 3 1, a system on light 32, and an AC charging light 33. 

10 The apparatus hereinbefore described is intended for use with a plurality of 

catheters. Thus, as shown in Figure 1, the apparatus can be utilized with first and 
second catheters 36 and 37 which can be of the type shown in Figures 2 and 3 . The 
catheter 36 shown in Figures 2 and 3 consists of a flexible elongate tubular member 
38 having proximal and distal extremities 39 and 41. The catheters 36 and 37 can be 

15 of a suitable size as for example 6 French, 7 French, 7.5 French when utilized for 
performing neuroperfusion as hereinafter described. Thus the flexible elongate 
tubular member 38 is provided with lumens 42, 43 and 44 to provide a triple-lumen 
catheter. For a 7-French catheter, the flexible elongate tubular member 38 would 
have a suitable diameter, as for example 0.090" to 0.96" The lumen 42 which serves 

20 as a guide wire or flow lumen can have a suitable diameter as for example 0.046" 
whereas the lumens 43 and 44 can have a suitable diameter as for example 0.024" 
with lumen 44 being utilized for sensing pressure and lumen 43 being utilized as a 
balloon inflation and deflation lumen. A flexible tube 46 is secured to the proximal 
extremity 39 of the flexible elongate tubular member 38 and is provided with a male 

25 Luer fitting 47 which is in communication with the lumen 42. Similarly, a tube 48 is 
mounted on the proximal extremity 39 and is in communication with the pressure 
lumen 44 and also is provided with a male Luer fitting 49. A balloon inflation tube 
51 is also mounted on the proximal extremity 39 and is provided with a female Luer 
fitting 52 which is in communication with the balloon inflation lumen 43 . The tubes 
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46, 48 and 51 are securely held in place on the proximal extremity of the flexible 
elongate tubular member 3 8 by suitable means such as shrink tubing S3 . 

A bladder 56 of a suitable non-distensible material, such as ethylene vinyl 
acetate, having a suitable length, as for example 0.0509% is secured to the distal 

5 extremity 41 of the flexible elongate tubular member 38. The interior of the balloon 
is in communication with a port 57 which is in communication with the balloon 
inflation lumen 51. Another port 58 is provided in the distal extremity 41 distal of 
the balloon 56 and is in communication with the pressure lumen 44. The guide wire 
lumen 42 opens through the distal extremity 41 and as shown can have a flexible 

10 guide wire 60 of a conventional type slidably mounted therein. 

The apparatus 1 1 is also used with another conventional catheter 61 which 
is provided for withdrawing arterial blood from the patient to be treated in connection 
with the present method. Such a catheter includes a flexible elongate member 62 
which is provided with a flow lumen (not shown) therein which has a distal extremity 

15 63 that can be inserted into a patient's artery and a proximal extremity 64 adapted to 
be connected to the inlet of the pump assembly 21. 

The apparatus 1 1 is also utilized with a tube assembly 66 which is connected 
into the balloon inflation/deflation device controlled within the cabinet 16. The tube 
assembly 66 includes legs 67 and 68 which are connected to the balloon inflation 

20 tubes 51 of the catheters 36 and 37. A tube assembly 71 is also provided which is 
connected to the outlet of the pump cassette 22 and which is provided with legs 72 
and 73 connected to the infusion tube 46 provided on the catheters 36 and 37. 

Another tube assembly 76 is provided which is connected to a source of 
pressurized saline flush indicated by the container 75. The tube assembly 76 is 

25 provided with first and second legs 77 and 78 which are connected to the pressure 
tubes 48 of the catheters 36 and 37. A pressure transducer 81 is mounted on each 
of the legs 77 and 78. The pressure transducers 81 on legs 77 and 78 are connected 
by cables 82 connected into sockets 83 provided on the front panel or wall of the 
cabinet 16. 
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Operation of the apparatus 11 along with the associated catheters 
hereinbefore described can now be described in conjunction with the method of the 
present invention in performing neuroperfusion. Let it be assumed that a patient has 
been selected, having a Toronto Stroke Scale score of two or greater, at least one 
and less than seven hours after onset of stroke signs and symptoms, on whom it is 
desired to utilize the method of the present invention. After the patient has 
undergone a CAT scan to exclude a hemorrhagic stroke, the apparatus 1 1 is wheeled 
to the patient or conversely, the patient is brought to the equipment where it is 
located. A sterile pump cassette 22 is placed into the bladder pump 21 assembly. 
The patient is conventionally prepared for an invasive procedure with at least ECG, 
blood pressure, oxygen saturation monitoring and intravenous access secured. If the 
patient's ventilation is not being controlled, supplemental oxygen is administered. 

Utilizing conventional aseptic techniques, each distal extremity 41 of two 
specially designed cerebral retroperfusion triple-lumen balloon catheters 36 and 37 
may now be percutaneously introduced as follows. Internal jugular venous access is 
percutaneously obtained in a conventional manner with a conventional venous access 
device (not shown). It should be appreciated that venous access may be similarly 
obtained using the patient's femoral vein. A conventional guide wire 60 is passed an 
appropriate distance through the access device into the vein and the access device 
removed so that the guide wire 60 alone is extending outside the patient's body, 
through skin and tissues, into the vein. Under fluoroscopy the guide wire 60 is 
advanced into the transverse venous sinus 96. When guide wire 60 position in the 
transverse venous sinus 96 is confirmed, a conventional vein dilator-introducer (not 
shown) is threaded over the guide wire, through the patient's skin and tissues and 
into the vein, dilating the same. The dilator-introducer is then removed, again leaving 
only the guide wire in place. Using the guide wire lumen 42, the distal extremity 41 
of the triple-lumen balloon catheter 36 is then threaded over the guide wire 60 into 
the vein. The catheter 36 is advanced over said guide wire 60 until the distal 
extremity 41 reaches the transverse venous sinus 96. Placement may be considered 
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clinically optimal when the balloon 56 on the catheter 36 is located in the transverse 
venous sinus 96, immediately lateral to the torcular Herophili 97 as depicted in FIG 
4 and FIG 5. Alternatively, as illustrated in FIG 5, ideal balloon placement may be 
considered to be in an area of the transverse venous sinus 96 medial to the superior 
5 petrosal sinuses 98 and medial to the superior anastomotic veins 99, also known as 
Labbe's veins. Proper placement of the catheter 36 is confirmed under fluoroscopy. 

As in FIG 1 and 2, the proximal extremity 39 of catheter 36 is then connected 
to the pumping system 11. The male Luer fitting 47 of flexible infusion tube 46 is 
connected to the leg 72 of the tube assembly 71. Similarly, the male Luer fitting 49 

10 of flexible pressure tube 48 is connected to the leg 77 of tube assembly 76. Using a 
series of stopcocks (not shown) in line with the tube assemblies, air is removed from 
the flow lumen 42and pressure lumen 44. Thus, the lumens 42 and 44 are aspirated 
with a syringe until the patient's blood is returning easily and without air. Using the 
in-line pressurized saline-flush 75, the pressure lumen 44 may then be irrigated. The 

1 5 female Luer fitting 52 of balloon inflation tube 5 1 is connected to the leg 67 of tube 
assembly 66. The two pressure transducers 81 in the system 11 may now be 
calibrated or zeroed by opening them to air in a conventional manner. 

The conventional arterial supply catheter 63 may be placed in the patient's 
femoral artery either subsequent to or before introduction of the triple lumen balloon 

20 catheters 36 and 37 and connected to the pumping system 1 1 to obtain a supply of 
arterial blood. Using conventional aseptic techniques the arterial catheter 63 is 
percutaneously introduced into the patient's femoral artery in a conventional manner 
utilizing an introducer and sheath (not shown) similar to those hereinbefore described 
for percutaneous insertion of triple lumen catheters 36 and 37. Proximal extremity 

25 64 of catheter 63 is connected to the inlet of the pump assembly 21. The pump may 
then be primed in a conventional manner as disclosed in U.S. Patent No 5,01 1,468. 

The pump system 1 1 may now be placed in operation. The power is turned 
on by operation of the switch 31. The pump system console 12 may now be used to 
set the controls to the desired parameters. For example, the system 1 1 may be set for 
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an initial blood flow rate of 10 cc/minute. 

Initially, the triple-lumen catheter balloons 56 should be inflated with volumes 
ranging from .1 to .4 cc. Inflation may be done manually or automatically. Arterial 
blood flow may also be manually initiated slowly, at a rate of approximately 10 
5 cc/minute. Preferably, utilizing functional (software) description of a method to 
operate the pump system 1 1 in a manner to approximate continuous flow through the 
venous sinus balloon catheter infusion lumen 43, arterial blood flow is initiated into 
the transverse venous sinus 96, distal to the balloon 56, at a rate of approximately 10 
cc/minute. Utilizing functional (software) description of a method to operate the 
10 balloon inflation/deflation device and pump flow with a pressure feedback based on 
venous sinus pressure input from the distal extremities 41 of the triple-lumen 
catheters 36 and 37, the pressure lumen 44, disposable pressure transducer 81, and 
cable 82, the transverse venous sinus pressure is monitored and the arterial blood 
flow gradually increased to a rate of 99 - 201 cc/minute over a period of time 
15 between 3 and 10 minutes. Throughout the procedure, transverse venous sinus 
pressures should be maintained in a range from 10 to 20 mm Hg. With sinus 
pressures below this range, arterial blood flow and balloon inflation volumes may be 
manually or automatically increased if not above 201 cc/minute and .4 cc 
respectively. With transverse venous sinus pressures above 20 mm Hg, arterial blood 
20 flow and balloon inflation volumes may be manually or automatically decreased until 
the venous sinus pressure falls to within the acceptable range. 

Transverse venous sinus 96 occlusion should approximate twenty-five to 
seventy per cent of complete occlusion. This permits adequate antegrade blood flow 
from the transverse venous sinus 96 such that appropriate transverse sinus pressures 
25 are maintained and brain swelling (cerebral edema) avoided. A portion of the infused 
arterial blood also traverses the capillary bed to oxygenate the ischemic tissues, 
exiting via the redundant venous system. The procedure is continued until the patient 
exhibits resolution of at least some ischemic brain symptoms. At this time the source 
of the ischemic symptoms should be investigated. If an arterial occlusion is found this 
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should be treated by techniques designed to remove said occlusion, such as 
thrombolytic drugs, angioplasty, thrombectomies, surgery or other means for 
removing such obstruction. If no arterial occlusion is found the pump flow rate 
should be reduced to determine if the patient's stroke symptoms return. If ischemic 
5 symptoms return then the flow rate should be increased to previous levels and the 
pumping maintained for up to 24 hours. If after 24 hours there is still no 
determinable source of arterial occlusion the pump should be stopped to determine 
the patients status. After this, evaluation as to whether or not to discontinue 
neuroperfiision should be undertaken. To terminate the procedure, the femoral 

10 arterial supply catheter 63 is then removed and pressure maintained on the insertion 
she in a conventional manner to obtain hemostasis. The triple-lumen catheters 36 and 
37 are similarly withdrawn and the patient observed for any bleeding from insertion 
sites of. the same. After terarination of the procedure the patient is monitored for an 
appropriate length of time, to make certain there is no recurrence of stroke signs and 

15 symptoms. 

The method may be similarly applied and performed in selected patients 
undergoing cerebral aneurysm clipping or brain tumor resection requiring arterial 
inflow occlusion and selected patients sustaining non-hemorrhagic angiographic brain 
injuries. 

20 In conclusion, the method of this invention, which can be called 

Neuroperfiision, makes it possible to accomplish clinically effective cerebral 
retroperfiision as well as retroinfusion more proficiently and safely. Neuroperfiision 
is a unique technique which addresses the drawbacks of other approaches to treating 
acute ischemic stroke. This treatment provides a rapid delivery of the patient's own 

25 arterial blood directly to specific venous sinuses in the ischemic brain. By adjusting 
flow rates, the degree of balloon inflation, and the resultant transverse venous sinus 
obstruction to maintain venous sinus pressures only moderately above normal venous 
pressures, and well within acceptable limits, the necessary requirements are met to 
safely deliver oxygenated blood to the ischemic tissues without inducing brain 
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swelling (cerebral edema). This blood then traverses the capillary bed to exit through 
the redundant venous system. 

The ability of the method of the present invention to completely reverse the 
effects of prolonged ischemia has been demonstrated in baboon experiments and 
more recently in early human clinical trials. Such success can only be attributed to 
specific elements of the invention. Placing the distal extremity of the balloon catheter 
in the transverse venous sinus, immediately lateral to the torcular Herophili, the 
ability to utilize partial and variable balloon inflation with resultant partial occlusion 
of the transverse sinus and providing continuous supply of arterial blood into said 
transverse sinus effects a clinically optimal distribution of retrograde perfusion and 
antegrade blood flow. This results in a rescue of ischemic brain tissue while avoiding 
brain edema. Patients in whom this method has been used have demonstrated 
remarkable, sudden and complete reversal of signs and symptoms of acute ischemic 
brain stroke while undergoing the treatment, a phenomenon not anticipated in the 
routine care of stroke patients. The invention has restored such patients to foil 
activity levels within days after Onset of their illnesses. 

In addition to cerebral retroperfusion, the method of the present invention 
permits effective, localized and regional cerebral retroinfiision. While cerebral 
protective drugs are traditionally administered through conventional intravenous 
routes, due to the absence of cerebral perfusion in stroke patients the agents are often 
eliminated prior to reaching therapeutic levels where they would be most effective, 
at ischemic cellular sites. As this unique method effects a direct perfusion of these 
otherwise inaccessible, ischemic tissues, any agents infiised with the arterial blood 
naturally reach the same target cells. The ability to infuse neuro-protective 
pharmacological agents directly into areas of the brain that are otherwise inaccessible 
to such drugs has profound therapeutic implications. One such benefit is that these 
agents can be more potently and effectively utilized to help rescue ischemic brain 
tissue. 

Stroke is the third leading cause of death in the United States, affecting more 
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than five hundred thousand people each year. It is the leading cause of disability, 
with rehabilitation costs reaching more than thirty billion dollars annually. Eighty per 
cent of all strokes are ischemic strokes. The remarkable results of this inventive 
treatment portend real and significant individual and societal benefits. 
5 The method of the present invention is also a feasible technique for 

temporizing and combating the deleterious neurological effects of cerebral aneurysm 
clipping and brain tumor resection requiring arterial occlusion, as well as such 
sequelae of a non-hemorrhagic cerebral angiographic injury. 

In accordance with a further aspect of the invention, hypothermic treatment 

10 of a selective organ of the body, such as the brain, is described with reference to 
Figure 6. A source of autologous blood is designated by the reference numeral 100, 
and coupled to a catheter, such as the flexible elongate member 62 (Figure 1). The 
autologous blood is pulled from the source 100 by a blood pump 102 and introduced 
into a conduit such as the tube assembly 66 (Figure 1). The tube assembly 66 is 

15 connected through a heat exchanger 104 which lowers the temperature of autologous 
blood by as much as 10 degrees centigrade, for example. From the heat exchanger 
104, the cooled blood is introduced as previously described through the first and 
second catheters 36 and 37 as shown in Figures 2 and 3. Alternatively, a dual balloon 
catheter can be used of the type disclosed and claimed by applicant in U.S. Patent 

20 Application Serial No. 08/900,967, filed on July 25, 1997 and entitled, 
"Retroperfiision Catheter Apparatus and Method," which is incorporated herein by 
reference. These catheters will typically be introduced through the femoral vein 
superior venacava 106, the jugular vein 108 and into the transverse sinus 96, also 
discussed with reference to Figure 5. 

25 In a system such as that described with reference to Figure 1, the blood 

source 100 would typically be the femoral artery of the patient, the blood pump 102 
would be the pump assembly 21, and the heat exchanger 104 would be disposed in 
the common line of the tube assembly 66! 

Using this apparatus, the hypothermic treatment can be undertaken by 
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withdrawing the autologous blood from the patient and cooling the autologous blood 
for delivery in retrograde fashion directly to the brain of the patient. 

In most cases, the blood from the femoral artery will have a body temperature 
of 37 degrees centigrade. In the heat exchanger 104, this blood can be cooled from 

5 1 to 10 degrees centigrade using flow rates between 50 and 250 milliliters per minute. 
The heat exchanger in this case can be of the type commonly used in cardiovascular 
surgery for whole blood cardioplegia. The flow rates indicated for these devices are 
more than sufficient to cool blood at the flow rates set forth above for a 
neuroperfiisioa These heat exchangers are highly efficient as they rely upon chilled 

1 0 water for their heat exchange. 

In accordance with this aspect of the invention, the brain is directly cooled by 
lowering the temperature of autologous blood and infusing this blood in retrograde 
fashion directly into the brain. The method is direct and efficient, relying on the 
extensive venous vasculature in the brain to address the particular tissue which can 

15 benefit most from hypothermia. Previously unreported animal studies have shown 
that blood delivered by retrograde transvenous approach reaches the entire brain 
cortex in central brain tissues, and can even be found in the brain stem area. These 
studies demonstrate the global neuroaccessibility possible by using a system of 
retrograde transvenous delivery. 

20 As an adjunct to the methods and apparatus for hypothermic treatment of a 

single organ, such as the brain, heating pads or blankets may be used to maintain or 
elevate the temperature of the remainder of the body. Thus, systemic effects of the 
hypothermic treatment can be minimized or avoided while achieving the desirable 
effects associated with the hypothermic treatment of the specific organ. 

25 Although the invention has been described with reference to specific 

embodiments of the apparatus and specific method steps, it should be clear that many 
variations in these specific structures and methods will now be apparent to those 
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skilled in the art. Accordingly, one is cautioned not to restrict the invention only to 
the disclosed embodiments and method steps, but rather to rely solely on the scope 
of the invention as set forth in the following claims. 
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WHAT IS CLAIMED: 

5 1 . A method for treating a patient sustaining an acute ischemic stroke in 

the brain, the brain having a blood circulatory system including a torcular Herophili 
and first and second transverse venous sinuses adjoining the torcular Herophili, the 
method comprising at least partially occluding the first and second transverse venous 
sinuses in first and second locations respectively adjacent to the torcular Herophili to 

10 partially obstruct venous blood drainage while permitting some antegrade venous 
blood flow from at least one of said transverse venous sinuses and introducing a flow 
of the patient's arterial blood into at least one of said transverse venous sinuses distal 
to said locations to provide a substantially continuous retrograde blood flow into the 
venous side of the brain of the patient to overcome the lack of arterial blood flow for 

15 a period of time until the patient exhibits at least some resolution of ischemic brain 
symptoms. 

2. A method as in claim 1 wherein the step of partially occluding the first 
and second transverse venous sinuses in said locations permits antegrade venous 
blood flow from said first and second transverse venous sinuses. 

3. A method as in claim 1 further comprising the step of measuring 
pressure in at least one of the first and second transverse venous sinuses and 
controlling the degree of said partially occluding of said at least one of the first and 
second transverse venous sinuses in accordance with the measured pressure. 

4. A method as in claim 3 further comprising controlling the flow of 
arterial blood into the transverse venous sinus in accordance with the measured 
pressure. 



5. 



A method as in claim 3 further comprising maintaining said pressure 
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in a range from 10 to 20 mm Hg. 

6. A method as in claim 1 wherein the antegrade blood flow is controlled 
so that it is within 10% to 50%of normal flow. 

7. A method as in claim 1 wherein the patient's arterial blood flowing 
into the transverse venous sinus is controlled to flow at a rate between 50 cc/minute 
and 250 cc/minute. 

8. A method as in claim 1 wherein the patient's arterial blood is caused 
initially to flow into the transverse venous sinus at a rate of 10 cc/minute and is 
increased to a flow of 50 - 250 cc/minute over a period of time ranging from 3 to 10 
minutes., 

9. A method as in claim 1 comprising the step of partially occluding the 
first and second transverse venous sinuses from twenty-five per cent to seventy per 
cent of complete occlusion. 

10. A method as in claim 1 wherein the brain blood circulatory system 
further includes first and second superior petrosal sinuses and first and second 
superior anastomotic veins (Labbe's veins), said method further comprising partially 
occluding first and second locations that are medial to the first and second superior 

5 petrosal sinuses respectively and medial to the first and second superior anastomotic 
veins (Labbe's veins) respectively. 

11. A method as in claim 1 wherein flow of arterial blood from the 
patient's femoral artery is introduced into at least one of the transverse venous 
sinuses distal to said occluding locations. 
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12. A method as in claim 1 where by the use of first and second balloon 
catheters having proximal and distal extremities and having inflatable balloons on the 
distal extremities and wherein said first and second transverse venous sinuses are 
partially occluded by introducing the distal extremity of the first balloon catheter into 

5 said first location, introducing the distal extremity of the second balloon catheter into 
the second location and inflating the balloons of the first and second balloon 
catheters. 

13 . A method as in claim 12 wherein the blood circulatory system further 
includes first and second venous vessels remote from the bran and wherein the distal 
extremities of the first and second balloon catheters are introduced into the first and 
second venous vessels respectively and thence into said first and second transverse 

5 venous sinus locations respectively. 

14. A method as in claim 12 further comprising measuring at least one of 
the transverse venous sinus's pressure and controlling the degree of inflation and 
deflation of the balloons in accordance with the measured pressure. 

15. A method as in claim 1 further comprising obtaining a CAT scan prior 
to occluding said first and second transverse venous sinuses and aborting the 
procedure if the scan shows evidence of cerebral hemorrhage. 

16. A method as in claim 1 further comprising selecting patients with 
Toronto Stroke scale scores of two or greater, at least one and less than seven hours 
after onset of stroke symptoms and signs. 

17. A method as in claim 1 further comprising introducing at least one 
pharmacological agent into said at least one of the transverse venous sinuses distal 
to said locations to provide an infusion of said at least one agent directly into 
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otherwise inaccessible ischemic areas of the brain. 

18. A method for treating a patient undergoing brain aneurysm clipping 
and brain tumor resection requiring arterial inflow occlusion, the brain having a blood 
circulatory system including a torcular Herophili and first and second transverse 
venous sinuses adjoining the torcular Herophili, the method comprising at least 

S partially occluding the first and second transverse venous sinuses in first and second 
locations respectively, adjacent to the torcular Herophili to partially obstruct venous 
blood drainage while permitting some antegrade venous blood flow from at least one 
of said transverse venous sinuses and introducing a flow of the patient's arterial blood 
into at least one of said transverse venous sinuses distal to said locations to provide 
10 a substantially continuous retrograde blood flow into the venous side of the brain of 
the patient to overcome the lack of arterial blood flow for a period of time until the 
arterial inflow occlusion is relieved. 

19. A method for treating a patient sustaining a non-hemorrhagic 
angiographic injury in the brain, the brain having a blood circulatory system including 
a torcular Herophili and first and second transverse venous sinuses adjoining the 
torcular Herophili, the method comprising at least partially occluding the first and 

5 second transverse venous sinuses in first and second locations respectively, adjacent 
to the torcular Herophili to partially obstruct venous blood drainage while permitting 
some antegrade venous blood flow from at least one of said transverse venous sinuses 
and introducing a flow of the patient's arterial blood into at least one of said 
transverse venous sinuses distal to said locations to provide a substantially continuous 
10 retrograde blood flow into the venous side of the brain of the patient to overcome the 
lack of arterial blood flow for a period of time until the patient exhibits at least some 
resolution of brain injury symptoms. 
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20. A method for treating a patient sustaining an acute ischemic stroke in 
the brain, the brain having a blood circulatory system comprising a torcular Herophili, 
first and second transverse venous sinuses adjoining the torcular Herophili, the 
patient having first and second venous vessels remote from the brain, by the use of 

5 first and second balloon catheters having proximal and distal extremities and having 
inflatable balloons on the distal extremities, the method comprising introducing the 
distal extremity of the first balloon catheter into the first vessel and thence into the 
first transverse venous sinus into close proximity to the torcular Herophili, 
introducing the distal extremity of the second balloon catheter into the second vessel 

10 and thence into the second transverse venous sinus into close proximity to the 
torcular Herophili, inflating the balloons of the first and second balloon catheters to 
at least partially occlude the first and second transverse sinuses while permitting 
antegrade flow from at least one of the transverse venous sinuses to prevent 
excessive pressure buildup in the transverse venous sinus, introducing a flow of the 

1 S patient's arterial blood into at least one of the transverse venous sinuses distal to the 
balloon positioned in that transverse venous sinus to provide a substantially 
continuous retrograde blood flow into the venous side of the brain of the patient to 
overcome the lack of arterial blood flow, for a period of time up to when the patient 
exhibits resolution of at least some of the ischemic brain symptoms. 

21. A method as in claim 20 further comprising measuring at least one of 
the transverse venous sinus's pressure and controlling the degree of inflation and 
deflation of the balloons in accordance with the measured pressure. 

22. A method as in claim 20 further comprising introducing at least one 
pharmacological agent into said at least one of the transverse venous sinuses distal 
to said balloon positioned in that transverse venous sinus to provide an infusion of 
said at least one agent directly into otherwise inaccessible ischemic areas of the brain. 
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23 . A method for the hypothermic treatment of the brain, including the 
steps of: 

providing a source of blood; 
pumping the blood from the source; 
S during the pumping step cooling the blood; and 

introducing the cooled blood retrograde directly into the brain in order to 
lower the temperature of the brain. 

24. The method recited in Claim 23 wherein the introducing step including 
the step of infusing the cooled blood directly into the venous system of the brain. 

25. The method set forth in Claim 24 wherein the infusing step includes 
the step of directing the cooled blood into the venous system of the brain distally of 
the jugular vein. 

26. The method recited in Claim 23 further comprising the step of 
maintaining the body temperature of the other organs of the body. 

27. An apparatus for the hypothermic treatment of a body comprising: 
a source of autologous blood; 

a blood pump drawing the blood from the source and producing blood under 
pressure for delivery to the brain; 
5 a heat exchanger for reducing the temperature of the blood under pressure; 

and 

a catheter for introducing the cooled blood under pressure into the venous 
system of the brain. 

28. The apparatus recited in Claim 27 wherein the blood pump provides 
flow rates between 50 and 250 milliliters per minute. 
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29. The apparatus recited in Claim 27 wherein the heat exchanger reduces 
the temperature of the autologous blood in a range of 1 to 10 degrees centigrade. 

30. The apparatus recited in Claim 27 wherein the catheter has a distal 
extremity operatively disposed in the transverse venous sinus of the brain. 

3 1 . The apparatus of Claim 27 further comprising a heating blanket for 
maintaining the temperature of the body portions other than the brain. 
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